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1. Sparse coding: Introduction and Mathematical Formulation 
 
2.Super Resolution via Sparse Representation: An overview 
 












Sparse Representation Theory, (Donoho-Candes, 2006) 
Where is the novel idea of Sparse Coding? 
Basic Formulation of Sparse Coding 
Dictionary Learning 
 
Multi-frame Super-resolution problem: Definition 
 
 
Super-resolution via Sparse Representation, Yang et al. 2011 
 
• They assume each high resolution patch and the corresponding low resolution 
patch share the same sparse linear coefficients assuming the HR and LR 
Dictionaries are defined properly. 
 
Super-resolution via Sparse Representation, Yang et al. 2011 
 
 
• The algorithm has two phases: 
       Learning phase:  
       Construction of the bilateral dictionaries Dh and Dl 
 
       Testing phase: 
       Calculation of the sparse representation coefficients α of each 
       LR patch 
       Reconstruction of the HR patch using the coefficients α 
 
• An additional step: It consists of a back projection strategy to 
diminish the discrepancy produced by noise and blur in the LR 
image.   
        
 
Super-resolution via Sparse Representation, Yang et al. 2011 
 
Learning phase: Construction of the bilateral dictionaries Dh and Dl 
 
• Form the training samples  
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Xh:  Set of N high resolution 
    sampled patches 
Yl:  Set of M low resolution 
       sampled patches 
 
Super-resolution via Sparse Representation, Yang et al. ,2011 
 
Testing phase: Reconstruction of the HR image 
 
•Calculate the coefficients α of the sparse representation of 
each LR patch y solving the minimization problem: 
 
 
                                                                  
 
 






     

 
Super-resolution via Sparse Representation, Kato, et al., 2015 
 
•Testing phase: Reconstruction of the HR image 
 
      Calculate the coefficients α of the sparse representation of each LR patch y  
      solving the minimization problem: 
 
 







  where D, B and Wi are  the down-sampling, blur and motion estimation operator. 
 
   The HR patch x is taken as    
 
Our algorithm:   
Step 1: 
(Patch by patch) 
Registration:  
Calculate motion  
estimation by Block 
Matching 
Step 2: 
(Patch by patch) 
a)Construct the LR Dictionary. 
b)Perform the Sparse Coding 
(calculate α) 
c)Reconstruct the patch:  
               x = D * α 
a)Form X0 using the patches x  
Step 3: 
Enforce global 




• It is a multi-frame + Unilateral Dictionary strategy. 
• It is basically the algorithm proposed by Kato. 
• We include an additional step: a previous bicubic interpolation. 
Experiments 
• Lower resolution size: 120 x160 , Scale factor: 2 
• Matlab implementation 
• Block matching: Sub-pixel algorithm proposed by Shimizu et al., 2006 
    
 
Final Comments 
• A C++ implementation of the algorithm is in progress. The 
experimental results will be important to evaluate the 
proposed algorithm. 
 
•Sparse  coding  is a promising way to improve the present 
multi-frame super resolution algorithms. 
 
•Existing super resolution algorithms typically run offline. 
There is no real possibility for online processing. It is a big 
challenge. 
 
 
 
 
 
 
 
 
